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(57)Abstract: 

PURPOSE: To simplify the construction of a power 
circuit and to control charge current of a battery so that 
it may not exceed a specified value by installing a charge 
current control circuit to maintain a charge current 
constant when a power switch is turned on and a current 
control circuit to restrict output current to a specified 
value when the power switch is turned off. 
CONSTITUTION: Between a battery 6 and a switching 
power supply 2, a charge current control circuit 5 for 
feedback control of charge current IC is installed. 
Between a load 8 and the switching power supply 2, an 
output current control circuit 4 for feedback control of 
load current IL is installed. At the charging mode, the 
charging current control circuit 5 detects the charge 
current IC and controls it so that it may be kept 
constant At the a.c. drive mode, the charge current IC is 
kept constant by the charge current control circuit 5 at 
the time of light load and the output current control 
circuit 4 is caused to start operation when the load 
current IL increases for controlling the total of the charge current IC and the load current IL to 
a specified value. 
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[0009] As shown in Fig. 1, the power source circuit of 
the charging/AC power tool has a switching power source 2 
connected to an AC power source 1, and has a rechargeable 
battery 6 (for example, a nickel cadmium battery) and a 
motor 7 as load via a power source switch SW, connected in 
parallel respectively to the output side of the switching 
power source 2. The output current of the motor 7 is 
fedback to the switching circuit 2 via an output current 
control circuit 4 which functions as a current limiter. 
Similarly, the charging current flowing through the battery 
6 is fedback to the switching circuit 2 via a charging 
current control circuit 5 which functions as a current 
limiter. The battery 6 is connected with a full charge 
detection circuit 3 for detecting a full charge of the 
battery 6. The output of the full charge detection circuit 
3 is applied to the switching power source 2. The output 
current control circuit 4, the charging current control 
circuit 5, and the full charge detection circuit 3 are 
connected to the switching power source 2 via OR-connected 
diodes D46, D56, and D32, respectively, 

[0010] As shown in Fig. 2, the switching power source 2 

includes a noise filter 2a, a rectifying circuit 2b, a 
smoothing circuit 2c, a photocoupler 2d, a PWM control 
circuit 2e, a switching transistor 2f, an insulation 
transformer 2g, and a rectifying and smoothing circuit 2h. 
The noise filter 2a is used to prevent a noise component 
generated, when switching the switching transistor 2f, from 
being leaked to the AC power source 1. An AC output from 
the AC power source 1 is full-wave rectified by the 
rectifying circuit 2b, and a DC output smoothed by the 
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next-stage smoothing circuit 2c is input to the primary 
side of the insulation transformer 2g. On the other hand, 
the output from the output current control circuit 4, the 
charging current control circuit 5, or the full charge 
detection circuit 3 is input to the control terminal of the 
PWM control circuit 2e via the photocoupler 2d, thereby 
controlling the period of the switching transistor 2f being 
turned on, that is, pulse duty. Therefore, a square wave 
having a pulse width corresponding to the modulation input 
which is input to the control terminal of the PWM control 
circuit 2e is applied to the primary side of the insulation 
transformer 2g. This square wave is transformed to a lower 
voltage by the insulation transformer, is rectified and 
smoothed again by the rectifying and smoothing circuit, and 
is output from the switching power source 2. 
[0011] The output current control circuit 4 includes a 
current detection resistor R41 for detecting the output 
current of the switching power source 2, and an error 
amplifier 11. A reference voltage obtained by dividing a 
voltage Vcc by resistors R42 and R43 is applied to the 
noninverting input terminal of the error amplifier 11, and 
a voltage proportional to the current flowing through the 
current detection resistor R41 is applied to the 
noninverting input terminal. A resistor R44 is connected to 
a feedback path between the output terminal and the 
noninverting input terminal of the error amplifier 11, and 
a capacitor C41 for phase correction is connected in 
parallel with the resistor R44. The output terminal of the 
error amplifier 11 is connected to a light emitting diode 
of the photocoupler 2d via a resistor R45 and a diode D46- 
[0012] The charging current control circuit 5 includes a 
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charging current detection resistor R51 for detecting a 
charging current to the battery 6, and an error amplifier 
12. A reference voltage obtained by dividing the voltage 
Vcc by resistors R52 and R53 is applied to the noninverting 
input terminal of the error amplifier 12, and a voltage 
corresponding to the charging current flowing through the 
charging current detection resistor R51 is applied to the 
noninverting input terminal. A resistor R54 is connected to 
a feedback path between the output terminal and the 
noninverting input terminal of the error amplifier 12, and 
a capacitor C51 for phase correction is connected in 
parallel with the resistor R54 . The output terminal of the 
error amplifier 12 is connected to the light emitting diode 
of the photocoupler 2d via a resistor R55 and a diode D56. 
[0013] The full charge detection circuit detects a 
voltage across the terminals of the battery 6. When the 
thus detected voltage reaches the reference value and also 
when the temperature of the battery 6 reaches a set point 
value, the full charge detection circuit determines that 
the battery is full charged, and outputs a signal of level 
"H". When the battery is not yet in the full-charge state, 
the full charge detection circuit outputs a signal of level 
"L". The signal "H" is applied to the light emitting diode 
of the photocoupler 2d via a resistor R31 and the diode D32 . 
[0014] Next, the operation of the power source circuit 
having the above configuration is explained with reference 
to Fig. 3, 

[0015] The power source circuit according to the present 
invention operates in four modes including (1) a battery 
drive mode, (2) a charge mode, (3) an AC drive mode, and 
(4) a trickle charge mode. 
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[0020] (3) AC drive mode 

When the AC power source 1 is connected and when the power 
source switch SW is turned on, the AC drive mode is 
provided where the motor 7 is driven by the output current 
of the switching power source 2 and also the battery 6 is 
charged- At the light load, the switching power source 2 
and the charging current control circuit 5 are started, and 
the charging current of the buttery 6 is controlled to 
become a constant current. When the load becomes large, 
the switching power source 2 and the output current control 
circuit 4 aire started, and the output current of the 
switching power source 2 is controlled not to exceed a 
predetermined value . 

[0021] Both the charging current control circuit 5 and 
the output current control circuit 4 function as limiters, 
and a limit value of the output current control circuit 4 
is set larger than a limit value of the charging current 
control circuit 5. Therefore, when the power source switch 
SW is off, the charging current control circuit 5 having 
the small limit value operates. However, at this time, the 
output current control circuit 4 does not operate because 
the flowing current does not reach the limit value. When 
the power source switch SW is turned on and also when load 
is applied to the motor 7, a large part of the output 
current from the switching power source 2 flows to the 
motor 7, and the charging current control circuit 5 does 
not operate. Instead, the output current control circuit 4 
operates and carries out a constant current control. The 
operation of the output current control circuit 4 is the 
same as the operation of the charging current control 
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circuit 5 described above, and therefore, its explanation 
is omitted. 

[0022] Fig. 3 is a graph showing a relationship among a 

load current II, a charging current Ic, and an output 
current lo in the AC drive mode. Currents between points A 
and B indicate characteristics at the light load mode. 
While the load current II gradually increases, the charging 
current Ic is controlled to a constant value Ii by the 
operation of the charging current control circuit 5, 
because Il:^I2-Ii. In this case, the output current Iq 
becomes Io=Ii + Il. At the point B, Io=I2=Ii+Il. Between the 
points B and C, the load current II is in the relationship 
of l2>lL^l2-Ii. In this case, the output current Iq is 
controlled to Io=l2 by the operation of the output current 
control circuit 4. At this time, the charging current is 
determined by the load current to become Ic=I2-Il<Li. At 
point C, lL=Iof that is, lc=0, and the charging current does 
not flow. When the load further increases after point C, 
the load current II becomes in the relationship of Il^I2. 
In this case, the output current is controlled to become 
Io=l2 by the operation of the output current control circuit 
4. At this time, the battery 6 is in the discharge state 

(lc<0), and the discharge current is supplied to the load. 
The load current becomes Il^I2-Ic- 



7 



#|l¥5 - 5 6 5 6 6 

(43) <i^m g ¥^5^ (1993) 3.^ 5 B 

(51) Int. CI.' ^mm^- Jrp^mm^^ fi s^ff^^SB^f 

HO 2 J 7/00 H 9060- 5 G 

7/10 H 9060- 5 G 



(2l)Hi^#-^ 


4^J^¥3-222070 


(7l)ttlI^A 


000006943 










(22) mm 0 


¥^3^(1991)8^7 0 




















iA^m/^'f'mi W762 y 














(74)ftliA 





(54) i^0>gcD^f?5i • 3^??^r^ffi«iftx^f^ma^.[Hi^ 



(57) imm] 

-So 

mm m.M}:B]m(Dmf^^mmtx^ . mmm(D^ 
mmmr-m'^m^m^^j:\^-^ommL'X\^^^<DX\ wm 




[0 0 0 1 ] 
[0 0 0 2] 

h(D^m.x:h^mm.'W-m\^xummm\:i^m\^. mm 
mrr^tm-^ mmM\^\>w^\^xwmM^%m-r^x. 

[0 0 0 3] ^mW- 2- 6 5 6 3 0 -^1#f^mm^^^« 
[0 0 0 4] 



.(2) il$&l¥5 - 5 6 5 6 6 

2 

L^\^^rzmtfj:^(7)x\ ^-^Mm-i'fm^m^^x^^ 
^<^m-i-^t. :^tiiizi^^x^mmmhmm'r^^t 
tr/^6o ^^(Dmmmm>^h^<^j:'otzm^^,a^ 
±^ti:^mmm^mti^fzi5b. wmni(D^it^^\^mz 

[0 0 0 5] -^^x. 2^^0jf^. LTi^ycB: 

I 0 0 0 6 1 

t^mmmt. mm:^-^ y^^i!rL^xwmm{:im\\\:imf^ 
yi^t^:^>(omiiCitm.m.mm^^h<Dmtim.^(D~m^m 

td.ummu:^^h(Dmtfmm^mmi.xmimwmm^mti 
mm. ^mmmcmR-r^ mtimmmmm^ tiz^^mf^ 

30 ^tb^o 

[0 0 0 7] 

li'^m] ±iEco J; 0 {zmfi^^tifz^m • ^mmmmmn 

mit.. h^-'^(D4^^^^mmmxwmm^^m'r^xo 
i^mif-t^o muy^-f y^^:^>Lx\^^^mx\ s^?^ 
m\cit^mmmmm\B\m:ix^ . wmni^h^~'^(D^h 
^ti:mmx^m\^fj:r>h^m^mw)'r^o M^mm.tm 

:t)mmMmmmi^. mmmm^^h<Dmt)mm^m'^mitz. 
40 MPs-r^o :i(Dit^mxw,i:i'km^^±^<^j:^t.^mm 

[0 0 0 8] 

\^t^:d*^hm.m-t^o m i i^:^mmmii^:^^t^^^m • 
1112 f^^i^mM[H]gS£o;=^^ y^>'^mm<r>mfi^^7jk^tz 

50 m-efef?. mstilli 1 t:i;^LfcllM[Hlg&coibfmP>^(lIT' 



3 

[0 0 0 9] mi icTjk-rx 9fc. • i^MmmmW]i: 

V ^ yi^ t vxmm-r^^mmm.mmm^ 5 lt:^ 

[0 0 1 01 m2{C7j<'r^ 51-^ y=f'>'^mm2 
>^ H^^/v^:?«>^ 2 f , i&mhy>'^2 sRi^mm,' ^ 

m\Bim2h tt>ibmf^^tlX\^^^o y-f X^'^yU^ 2 a 
fi><.-r zy^^-:/ h 2 f y f^^-^/BSt^^ 

SS2 b-C^^SSM^;^.. '^&:(D^m^^2 cXW-m^th 

m.mmtt:^>mmhy>^y^2 s(D-'MM[z.A:t}^tv^, - 
ti:i;^fmMfij^iH]s&4, ^mmmm^m^xnm^ 

^m^tLT^>r y^>'i^mm.2 :f}^hm:h^tL^o 

[0011] m:^m.mMmmm4it. y^^^mm 
2(omtimm^mm'r^fz^(omM^mmfiVL^^t. m 
^mmmi im\z^^mj^^ftxy^^^o mmmm^i 1 

x^xmhth^mmm&t^mi^^fhXiitoK^ . ^KmKt^^ 

^f::fiS«1ttiJ}gfetR4itc:^tL^m?5tcfciti^JL/cm:^|S 

miEm(o^>'j'>-^o^:,i)^^^K^^t^mmm.^f\^x\^ 

[0012] ^mmi(*fL*J^[HlgS 5 fl. 6 -^(D^m 



(3) #ffi¥5- 5 6 5 6 6 

4 

m^^*^db-r6fcis6(03temm»fc^^tti*&fetRei^. ^i^it 

j£tmm^fhx\^-^^o m^Mm^i 2(Dmtim'=pt^m 
Ati^^m<r>mmmz.\^. mi^B.^^t^mm^^x^^ ^ 

10 55. ¥^:^—Y'D^^^^\^Xm^'7i(rV1:3^y2A0:>^ 

[0 0 13] ffi^EMi^tHSKfi. mmM.^(o^^Win& 

20 [0014] A:M(r>^ 0 \z.my^^^fz.mmM'^<D 

[0015] imm(omMMm^. ( i ) mmmm'^— 

Y\ (2) ?Em^-K.. (3) 3^«]^»j^-K. RXI 
(4) h y KcD4o(7:)^— KT'tdft-r-So 

[0 0 16] (1) Sitil^ilj^- K 

30 [0017] ( 2 ) ^m^— K 

m6^'^mmx^m-i-^^m^-ytfj:^o ?£m^-K 

^:frbT:7^ h:;t;:7^^ 2 d m2mm) ^mf^-t^^yt 
MfflfflJiHig&2 e ^<D=2i-i^ ^mm^^mxtit 

>^-r Vv^;^^ 2 f cD:^>B^Fb1. HPib. 

>'^^:y^>'i/H^>'v^;?^^2 f X V) ^ tt ^ :^m^ 

^«i!r.2 7:)^^f^-^(^ii:2j^m»^?i^tib:>^$ti. ^m?&6ft 
50 '^mmx^m^ti^. 



5 

[00181 ^^^t LT. (gl3 t::A-e^t-J: oi.::. 

t^LK. wmmeif^m^i rX^^m^ti^ (io=i 

C~ I l) o 

[0 0 19] m^m^m\B\^s{c^fowmni6(Dm^m 

y 2 d<Dm^y^:t— KCijSfetRoitcJ: tJ^^^n-sm 

m:d^d^ti. pwMmm\B\^2 e{z^^ pwMmmy^^rfio 

[0 0 2 0] (3) ^mmm^- k 

2 t^mMmmm^^^t^^m\^. ^mMe(D^mmM 

^mmM\z.Um\^. ^^mt^^^ <fj:^t::^'^ y^^^m. 

m2 tmtimMumm^Atmmx^. y^iy^mm 
[0 0 2 1 ] ^mmMmm^Bi^ s j^nmt^mmmmmn 
(ov ^y hftii. \^timm,umm^A(D^t-^nMmM 

mf^^x<^t. y^>'^mM.2f)^h<Dmtimm(D 

\zM^fz.'^ nMmMm^% 5 (d wit tw^^x^^cox^ 

[0022] HI 3 fi, ^mmm^^- Y^^(r>^-mmM 
I ^mm^s I c. ^i>*ffi:^mffi I o^^M^^^i-^^ 



(4) it^^ips _ 5 6 5 6 6 

6 

I L,^^#>=r f^ii;f)DLTv^5;5^. I I 2- i xT- 

of^. I 0= I 1+ I L<^r ?te5o B.'^fi, Io=l2=Il + 

^fi::g?^ii:^jKt;iJ:oT*^L. I c= I 2- 1 1.< I ^hf^ 

c^f^. il=io. ip-^. ic=0T*fc'9. ?Eam 
\z.um^^^o ^(Dt^^ mmM^\±WiW^m (ic< 

I L= I 2- I c^?jr6o 

[0 0 2 3] 

:^v^fi\m^^z.ht>x^. mzM^^. \%mm^^^ 

[lll®ofii^/^a5iP.gi 

[m 1 1 ^^m(Dmmmi^m-5< • 3^i?Sf^ffl«i!ix 

O S M IH) S& (7) ^ It ^ ^ ^ L fcm 5 o 

m 2 ] ^^;^0ijtc^<5< • ^m,mmmW):LMc<Dm 

^ o 

[[E13] lg| 1 ll7j^LfcmM[HlS&cotbf^^I5£0^t-5/ci6<D 

[^?^(^lJi^] 

1 ^mmm 

2 y^iy^mm. 

3 m%m^mm^ 

40 6 WMM 

7 {^^) 



(6) 



^m^B- 5 6 5 6 6 



[H 21 



r 



00 




ro 



1^ 



ilif m 



in 

i_ 



m SI 

■33 m 



CVJ 



uuuuuuuuu 



-a 

CVJ 



CJ 



u 

CM 



nrmmnnri s- 

Csl 



o 

CO 



"> ^- « • :2 OS 



J 



(7) 




